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Abstracts: In this paper it was determined the antioxidant properties – evaluated by FRAP and DPPH 
methods, total polyphenols content,  monomeric anthocyanins amount and color structure for natural 
concentrates obtained from berries (bilberry,  gooseberry, raspberry,  blackberry) and garden fruits (cherry and  
strawberry). 
  The antioxidant capacity determined by FRAP method was presented the values between 149.5-444.38 
mM Fe2+/L and in the case of DPPH assay the obtained values was situated in the range 10.97-40.60%. 
Polyphenols content from analysed concentrates was situated in the range 86.57-217.60 mM gallic acid/L and 
the amounts of monomeric anthocyanins it was found in the range 8.47·103-23.58·103 mg/L calculated as 
cyanidin-3-glucoside. In the case of color structure analysis, it was determinate the fraction of color due to 
monomeric anthocyanins,  copigmented anthocyanins and  polymeric pigments. For all analyzed concentrates, 
the monomeric anthocyanins represent the main fraction which contribute to the final color of products. For 
concentrates obtained from garden fruits the percent of color due to monomeric anthocyanins is 59-66%, 
comparativelly with the case of natural concentrates from berries (68.41-77.55%). Copigmented anthocyanins 




  The inverse relationship between antioxidant intake and many disease states has been 
seen repeatedly. Until recently the scientific community saw few health benefits associated 
with the consumption of  berries. At international level were made researches that certifies the 
fact that exist a strong correlation between polyphenols content and antioxidant properties of 
berries juice but too between antioxidant properties and different pigment fractions content 
(monomeric, copigmented and polymeric pigments) [Lee et al., 2002; Moyer et al., 2002; Ou  
et al., 2002; Chaovanalikit et al., 2004;  Lee&Wrolstad, 2004;  Tsai et al., 2004].   
  These studies demonstrate that exist interrelationships between fruit chemical 
composition and the quality of fresh and processed fruits. Because of the importance of color 
quality, anthocyanins pigments and their degradation during processing and storage has been 
a major topic. Analysis of anthocyanins and polyphenolics have also been useful in 
determining fruit juice authenticity [Chaovanalikit el al., 2004]. 
  Berries have been traditionally used for either fresh consumption or processed into 
jams, jellies, and juices. Anthocyanins are present in the epidermal and hypodermal cells of 
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berries. The interest in anthocyanins as a coloring agent has continued to this day. There is 
limited use of anthocyanins as a natural coloring agent because of problems in extraction and 
shelf stability. To use an extract in food, the extracting solvents must be food grade; this was 
and still is a hurdle. Shelf stability is the larger problem. Depending on factors including pH, 
temperature, and oxygen levels, natural coloring agents degrade more quickly and completely 
than synthetic antioxidants.While anthocyanins content has a high correlation with 
antioxidant properties, in general we find higher correlations with total phenolics. Therefore, 
understanding what conditions are advantageous and what conditions are deleterious to 
maintaining anthocyanin levels in foods is quite important. Anthocyanins have been shown to 
reduce cardiovascular disease (CVD). Hypertension and atherosclerosis reduce flexibility of 
capillary walls causing poor blood flow. Anthocyanins have been found to reduce platelet 
aggregation. Berries improve night vision and may relieve eyestrain from staring at a 
computer screen. These are tied to increased blood circulation to the eye due to 
vasorelaxation, and reduced damage suffered by the eye due to exposure to free radicals. 
Anthocyanins also have anti-microbial properties [Chaovanalikit et al., 2004; 
Siriwoharn&Wrolstad, 2004; Siriwoharn et al., 2004]. 
  The Food and Nutrition Board defined dietary antioxidants as “a substance in foods 
that significantly decreases the adverse effects of reactive oxygen species, reactive nitrogen 
species, or both on normal physiological function in humans”. Numerous research studies 
correlate health benefits to antioxidants. Anthocyanins exhibit beneficial effects in animal 
models so it is important to maximize their levels in the human diet. This is an important 
reason for that we try to underlining the antioxidant characteristics of natural concentrates 
obtained from berries and garden fruit rich in antocyanins [Skrede et al., 2000; Chaovanalikit 
et al., 2004; Siriwoharn&Wrolstad, 2004].   
  The purpose of our study consist in antioxidant properties and color components 
evaluation from natural concentrates obtained from berries (bilberry, gooseberry, raspberry, 
blackberry) and garden fruits (cherry, strawberry). These natural concentrates from fruits are 
an efficient source of natural colorants (especially anthocyanins) and other compounds with 
antioxidant properties with many applications in food receptures.  
 
MATERIAL AND METHOD 
 
Analyzed samples. In this study were characterized in relation to the antioxidant 
properties and color structure the natural concentrates obtained from juice processing in 
vacuum condition for water evaporation until the soluble content it was over 50%. Four 
natural concentrates from berries were analyzed (bilberry, gooseberry, raspberry, blackberry) 
and two natural concentrated from garden fruits (cherry, strawberry). 
Reagent and equipment: All chemicals and reagents were analytical grade or pure 
quality purchased from Merck, Fluka, Sigma and Chimopar. For reagents preparation and for 
dilution was used bidistilled water. Absorption determination for FRAP and total polyphenols 
content was made using Spectrophotometer Specord 205 by Analytic Jena. 
  Antioxidant profile of natural concentrates will be evaluated on the base of antioxidant 
capacity and free radical scavenger activity. Total antioxidant capacity (TAC) will be 
determinated by FRAP assay [Benzie&Strain, 1996] and free radical scavenger activity will 
be evaluated by DPPH assay [Rivero-Perez et al., 2007].   
        The FRAP assay [Benzie&Strain, 1996] to base on antioxidant compounds capacity to 
reducing of Fe3+ ions to Fe2+ ions. The ferrous iones forms at acid pH a colored complex with 
TPTZ (2,4,6-tripyridyl-s-triazine) that has the maxime absorbance at 593 nm. Antioxidant 
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capacity is direct proportional with ferrous ions amount and will be determinate on the base of 
calibration curve that use the etalon with  knoun Fe2+ concentrations. The total antioxidant 
capacity (TAC) in natural concentrates in mM Fe2+/L was calculated. For antioxidant capacity 
evaluation the dilution was 1:1000 (v:v). Calibration curve ecuation was: Y= - 
0,027432+3,43255⋅X. Correlation coefficient for calibration curve was R=0,9989. 
The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay  is based on the sample 
antioxidants ability to scavenger of free radicals. The DPPH radical is one of the few stable 
organic nitrogen radicals, which bears a deep purple color at 517 nm [Rivero-Perez et al., 
2007].  
In the presence of antioxidants the color of DPPH solution turn at red to yellow, The 
percentage of the DPPH remaining is is proportional to the antioxidant concentration.  
Antioxidant assays are based on measurement of the loss of DPPH color at 517 nm after 
reaction with test compounds and the reaction is monitored by a spectrometer.  
Total polyphenolic compounds content was determined by spectroscopic modified 
method Folin-Ciocalteu and was expressed in (mM gallic acid /L) [Singleton et al., 1999]. For 
polyphenol analyse the dilution was 1:500 (v:v). Calibration curve ecuation was: Y= -
0,10153+1,8991⋅X. Correlation coefficient for calibration curve was R=0,9975.  
Total monomeric anthocyanins content will be determined by the pH-differential 
method [Giusti&Wrolstad, 2000]. Anthocyanin pigments undergo reversible structural 
transformations with a change in pH manifested by strikingly different absorbance spectra. 
The colored oxonium form predominates at pH 1.0 and the colorless hemiketal form at pH 
4.5. Monomeric anthocyanin pigment (mg/L) will be calculated as cyanidin-3-glucoside. For 
anthocyanins determination the dilution was 1:5000 (v:v). 
 Analysis of natural concentrates color is realized in accord with Boulton method 
[Boulton, 2001]. On the base of this analysis it was quantified the percent of color due to 
monomeric anthocyanins, copigmented anthocyanins and polymeric pigments.  
 
RESULTS AND DISCUSSIONS 
  
In table 1 are presented the antioxidant activity of natural concentrated evaluated by 
FRAP and DPPH assay. From these date we observe that the berries fruits showed the most 
values for antioxidant activity. From these it was detached the concentrated from bilberry and 
gooseberry. The concentrates from garden fruits present the antioxidant properties less than 
concentrates from berries.  
In the table 2 is showed the anthocyanins and total polyphenols amounts from sample. 
The monomeric or free anthocyanins amount is situated in the range 144.27-217.60 mM gallic 
acid/L from berries concentrates and 86.57-94.97 mM gallic acid/L for concentrates from 
garden fruits.  
In the same direction are situated the polyphenols content from natural concentrates. 
The free anthocyanins content is impressive in concentrates from berries. The values is 
situated in the range 16.90·103mg/L (for concentrated from raspberry) and 29.95·103 mg/L 
(for concentrated from bilberry).  
The ferric reducing ability of plasma (FRAP) of analysed concentrates was highly 
correlated with the polyphenols content – fig. 1 (regression coeficient R = 0,96847).  
Also, the 1,1,Diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging ability was 
strong correlated with polyphenols content – fig. 2 (regression coeficient R = 0,9704). The 
main compounds responsible for antioxidant properties of natural concentrates are 
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anthocyanins. These can be in different forms: free or monomeric anthocyanins, copigmented 
and polymeric pigments. 
 
Table 1. Total antioxidant capacity and free radical scavenger activity of some natural concentrates from berries 
and garden fruits 
 
 
Table 2. Total polyphenols content and monomeric acthocyanins amount of some natural concentrates from 
berries and garden fruits    
 
Fig. 1.The dependence between antioxidant activity 
measured by the FRAP assay and polyphenols    
content





























polyphenols content (mM gallic acid/L)
Fig. 2.  The dependence between free radical 
scavenger activity measured by the DPPH assay and 
polyphenols content 
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  In the fig. 3 and 4 it was showed the dependence between antioxidant activity and 
monomeric anthocyanins content. Between these parameters was establishing a highly 
correlation. From FRAP=f(AM), R= 0,98007 and for dependence DPPH=f(AM), R = 
0,97445.  
 In the table 3 is showed the color structure of natural concentrates. It can be observe that 
the color percent due to monomeric anthocyanins is majority: over 60%. The color due to 
Nr.  
crt. 
Natural concentrates Antioxidant activity (FRAP) 
(mMoli Fe2+/L) 
Free radical scavenger 
activity DPPH (%) 
1 Concetrate from cherry  149.50 12.76 
2 Concentrate from  strawberry  134.16 10.97 
3 Concentrate from bilberry  444.38 40.60 
4 Concentrate from  red gooseberry  417.90 36.63 
5 Concentrate from  raspberry  289.65 28.73 
6 Concentrate from blackberry  344.12 31.02 
Nr.  
crt. 
Natural concentrates Polyphenols content  -  P 
 (mMoli gallic acid/L) 
Monomeric anthocyanins - AM 
(mg/L) 
1 Concetrate from cherry  94.97 10.20·103 
2 Concentrate from  strawberry  86.57 8.47·103 
3 Concentrate from bilberry  217.60 29.95·103 
4 Concentrate from  red gooseberry  170.21 23.58·103 
5 Concentrate from  raspberry  141.27 16.90·103 
6 Concentrate from blackberry  157.83 20.77·103 
FRAP=f (P) 
Y = A + B x X 
A=  - 80,54625 
B=2,60578 
R = 0,96847 
N=6 
DPPH=f (P) 
Y = A + B x X 
A=  - 8,47913 
B=0,24363 
R = 0,9704 
N=6 
 355 
copigmented anthocyanins is in the range 10-28% and the color due to polymeric pigments   
between 8-12%.  
 
Fig. 3 The dependence between antioxidant activity 
measured by the FRAP assay and monomeric 
anthocyanins   





























monomeric anthocyanins content (mg/L)
 
Fig. 4. The dependence between free radical 
scavenger activity measured by the DPPH assay and 
monomeric anthocyanins  content  



























Monomeric anthocyanins content (mg/L)
  
Table 3. Color structure of some natural concentrates from berries and garden fruits    
 
  The phenomenon of copigmentation is due to molecular associations between 
pigments and other, usually noncolored, organic molecules in solution. The association of the 
components results in both a bathochromic and a hyperchromic shift.  This association 
between the pigments and their copigmentation cofactors involves the anthocyanin 
glucosides, and certain phenolic acids, flavonoids, and, in particular, derivatives of the 
flavonol and flavones subgroups. These associations cause the pigments to exhibit far greater 
color than would be expected from their concentration. In juice and young red wines made 
from grapes, copigmentation seems to result in both a higher pigment concentration and an 
enhancement in the color of those pigments. Co-factors are colorless compounds that when 
added to a solution containing anthocyanins will act to enhance the color of the solution. The 
most important copigments in berries, juice and wine are expected to be the flavan-3-ols and 
flavanols, hydroxycinnamic acids and in the cas of self-association even the antocyanes 










1 Concetrate from cherry  60.78 10.65 28.57 
2 Concentrate from  strawberry  66.39 8.33 25.28 
3 Concentrate from bilberry  77.55 12.23 10.22 
4 Concentrate from  red gooseberry  75.19 7.65 15.16 
5 Concentrate from  raspberry  62.41 9.88 27.71 
6 Concentrate from blackberry  73.74 11.93 14.33 
FRAP=f (AM) 
Y = A + B x X 
A=  - 6,87397 
B=0,01583 
R = 0,98007 
N=6 
DPPH=f (AM) 
Y = A + B x X 
A=  .-08297 
B=0.00147 





The recent availability of selective UV-VIS methods for the measurement of 
antioxidant properties and color structure represents a valuable opportunity for food industry. 
From this study results that the antioxidant properties of natural concentrated from 
berries is higher than concentrates from garden fruits. Also, the same trend present the 
polyphenols content and monomeric anthocyanins from concentrates. Between antioxidant 
properties expressed by FRAP method and DPPH assay and polyphenols or anthocyanins 
content it was established the linear correlations (regression coefficient R>0.95). 
The higher values for antioxidant activity, polyphenols content and anthocyanins 
amount was founded in concentrate from bilberry and the small values in strawberry 
concentrates. The most percent of color for analyzed concentrates is due to monomeric 
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